Microbial activity patterns at buried coal-tar disposal sites have been under investigation for several years to determine the response of naturally occurring microflora to polycyclic aromatic hydrocarbons (PAHs) at the sites. At one site in upstate New York, data have shown enrichment of PAHdegrading bacteria in subsurface contaminated zones but not in uncontaminated zones. Similar work at a midwestern site showed that the same trends existed in a heterogeneous disposal site except that a borehole outside the plume showed some PAH-mineralization activity. Polymerase chain reaction amplification of DNA extracted from sediment samples from the New York site indicated the presence of naphthalene metabolism genes nahAc and nahR, similar to those found on the NAH7 plasmid of Pseudomonas putida G7. Significant sequence polymorphism was observed in amplified nahAc products, indicating that divergent homologs of nahAc were present in the native community. Protozoan numbers were elevated in sediment samples displaying relatively high PAH-degrading activity, suggesting that a food chain was established based on PAH-degrading bacteria. Removal of the coal-tar source at the site occurred in 1991. In 1992, sampling of three key borehole stations revealed that mixing and backfilling operations had introduced soil microorganisms into the source area and introduced 14C-PAH-mineralization activity into the previously inactive pristine area. Thus removal of the source of the contaminants and restoration at the site have altered the microbial activity patterns outside the contaminant plume as well as in the source area. -Environ Health Perspect 103(Suppl 5): 107-111 (1995) 
Introduction
The concept of bacterial guild* selection lies at the roots of modern microbial ecology. Historically, the seminal work of Winogradsky and Beijerinck on the ecology of soil microorganisms in the 19th and early 20th centuries set the stage for subsequent work on the physiological ecology of bacteria during the mid-20th century and, in turn, for the work of the present generation of microbial ecologists (1) (2) (3) (4) . While other areas of microbiology have flourished, the broad field of microbial ecology is still attempting to define itself. Nevertheless, the principle of environmen- further assumed that the selected guilds will transform the toxic compounds completely to harmless products. However, because of the complexity of most natural systems and because of a lack of rigorous field-oriented methods in microbiology, unequivocal verification that the laboratory-based principle is operative in nature has been difficult (5).
The term "guild" is used here to describe a group of species sharing a common resource, in this case, a soluble polycyclic aromatic hydrocarbon, naphthalene, as a carbon-energy source [see (1-3) for further discussion of the concept of guild structurel. Guild is used here in preference to the more commonly used term in the microbial ecology literature, population. The term population in the general ecology literature usually refers to a group of genetically related species. In most cases, the genetic makeup of the members of a given bacterial guild is not known. Indeed, it is likely that several different species of PAH-degrading bacteria make up the guilds we are studying at the upstate New York field site.
This article reviews our recent work to achieve this goal by inference from studies of the microbial ecology of two coal tar disposal sites (5-7). We examined microbial distribution, abundance, and activity patterns at both sites and showed that the potential was high for biodegradation of soluble polycyclic aromatic hydrocarbons (PAHs) (5, 8, 9) for more details].
Environmental Health Perspectives
The location of Site 97 is typical of urban coal-tar disposal sites. It lies under the parking lot of a post office, which was formerly an MGP site, in a midwestern city close to the Mississippi River. The coal tar contaminant plume and the geohydrology of Site 97 have been defined, but they are not as well characterized as Site 24 (7).
Microbiological Sampling and Analyses
Our sampling strategy was designed to integrate key microbial analyses with geohydrologic and pollutant chemical analyses of fresh subsurface core samples taken at prescribed depths of the sediment profile inside and outside contaminated zones. This required considerable planning and coordination of field operations to assure that equivalent samples or the same samples could be analyzed for microbial abundance [total bacteria, heterotrophic colony-forming units (CFU), protozoa, numbers] and activity (14C-naphthalene, 14C-phenanthrene, '4C-parahydroxybenzoate mineralization), as well as PAH concentration. Details of our sampling and analytical methods and procedures have been described previously (5, 7) . Recently, we have also employed the polymerase chain reaction and other molecular techniques in studies of the distribution of indigenous bacterial genes at Site 24 (6,10).
Summary of Significant Results
The 14C-mineralization results [ Figure 1 , from (5), and Figure 2 , from (7) than those of many surface soils (5). Bacterial numbers were also elevated in these samples, but bacterial biomass estimates alone were not a good indicator of high activity zones. Only when mineralization potential, bacterial biomass, and protozoan numbers were compared were convincing activity patterns revealed (Figures 1, 3 In addition to the traditional assays for microbial distribution, abundance, and 14C-mineralization activities, we are applying molecular approaches for studying the distribution of genetic potential for naphthalene metabolism (6, 9) . In this work we have successfully amplified portions of the nahAc (6) and nahR (9) genes in DNA extracted directly from Site 24 sediment samples. By restriction endonuclease fragment length polymorphism (RFLP) analysis, the nahAc genes were found to be (9, 14) . After backfilling, the entire source area was restored to the original grade and an array of monitoring wells were installed. Subsequent chemical analyses of groundwater showed that PAH contaminants were successfully removed. Site 24 was delisted as a Superfund site. Groundwater in the plume area at the site still contains significant concentrations of soluble PAHs. Monitoring will continue for 10 years.
In October 1992, we sampled three key borehole stations to determine the initial impact of source removal on microbial distribution and activity patterns. As expected, the source area was most affected. The new activity and microbial distribution patterns resembled those previously seen at Site 97, where mixing of surface soil with subsurface sediment was suspected based on the occurrence of high numbers of typical soil microorganisms (e.g., endospore-forming bacteria) (7) . Within the plume, the downgradient borehole (Figures 1,3) changed the least. 14C-mineralization activity and protozoan numbers were still elevated in samples from the water table interface zone in the downgradient borehole. On the other hand, the pristine borehole station located outside the contaminant plume, which previously showed no 14C-PAH mineralizing activity (Figure 1 ), now showed significant activity in previously inactive zones. Clearly, the restoration activities, including bulldozing of surface soil and movement of heavy equipment, which were carried out on the surface in the pristine borehole area for 5 months, impacted the sandy aquifer site. This area of New York State experiences large amounts of rain and snowfall each year. It is likely that recharge from the disturbed surface soil can account for the altered activity pattern in the pristine borehole zone.
Future Work at Site 24
We plan to continue working at Site 24, focusing on the distribution and in situ activities of the PAH-degrading bacteria at the site. A major effort is being made to develop new microscale methods (e.g., fluorescent antibody labeling and microautoradiography) for determining the distribution of PAHs and detecting specific bacterial types and their activities at the microscale (15) . This will allow for better models of the microbial kinetics controlling in situ biodegradation rates. We are also studying the effects of sorption-desorption phenomena on bioavailability of PAHs. Sorption-desorption kinetics are believed to be an extremely important factor regulating biodegradation of many organic contaminants.
Ultimately, we plan to combine these approaches with the conventional approaches described above to give a much more comprehensive and accurate description of the activities of the PAH-degrading guilds and their potential effects on PAH biodegradation at Site 24.
